Abstract This study investigated rapid automatized naming (RAN) ability in high functioning individuals with autism and parents of individuals with autism. Findings revealed parallel patterns of performance in parents and individuals with autism, where both groups had longer naming times than controls. Significant parent-child correlations were also detected, along with associations with language and personality features of the broad autism phenotype (retrospective reports of early language delay, socially reticent personality). Together, findings point towards RAN as a potential marker of genetic liability to autism.
Introduction
A constellation of subtle personality, language, and behavioral features have been found to aggregate among unaffected relatives of autistic individuals, suggesting they may index genetic liability (for review see Losh et al. 2010 ). Studies of this broad autism phenotype (BAP) may constitute a promising avenue for identifying genetically meaningful features and neurobiological substrates involved in autism. However, as currently measured, the features of the BAP remain relatively removed from underlying cognitive mechanisms, hampering efforts to implement the BAP features in genetic and neurobiological studies.
In an attempt to further delineate the phenotype, recent research has begun to disaggregate the neuropsychological basis of the features of the BAP (e.g., Adolphs et al. 2008) . In this vein, the present study examined rapid automatized naming ability (RAN) in individuals with autism and in parents. Parents of autistic individuals have been shown previously to exhibit slower times on RAN tasks , and elevated rates of related language processing difficulties (e.g., phonological encoding, readingrelated phenotypes) have also been reported (Bailey et al. 1995; Bolton et al. 1994; Folstein and Rutter 1977; Folstein et al. 1999; Hughes et al. 1999) , although studies using different methodologies have produced conflicting results (e.g., Bishop et al. 2004; Pilowsky et al. 2003; Smalley and Asarnow 1990) . This study sought to clarify whether RAN speed may serve as a genetically meaningful phenotype in autism, by studying rapid naming tasks previously shown to differentiate family members of individuals with autism from controls (i.e., color and object naming) in a large sample of parents of autistic individuals, as well as among a group of high-functioning individuals with autism, examining both group differences and parent-child correlations. Below, the significance of rapid naming ability is reviewed briefly followed by rationale for examining this ability in autism.
The significance of rapid naming ability
The rapid automatized naming (RAN) task first appeared in The Mental Examiner's Handbook as a bedside measure of recovery from brain injury in the mid-1900s. Patients were shown a series of randomly repeating squares printed in primary colors and instructed to name the colors as quickly as possible, with speed and accuracy measured as indices of recovery. Since this time, RAN has emerged as a sensitive index of reading ability (Wolf et al. 2000) , and is known to tap such fundamental language skills as phonological processing and memory, articulation, and linguistic processing speed (Denckla 1972; Denckla and Cutting 1999; Denckla and Rudel 1974, 1976; Holland et al. 2004) .
Early studies of RAN in patients with focal brain lesions and more recent imaging studies have helped to clarify those brain regions involved in this skill, implicating the inferior frontal cortex, temporo-parietal areas, and the corpus callosum (Dougherty et al. 2007; Misra et al. 2004 ; Phinney et al. 2006) . Complementary studies of RAN in children have also linked this ability to specific stages of brain development (Denckla 1972) , with recent research showing that response speed measured by RAN is linked to myelin deposition over the course of development, and resulting advances in language related skills (Dougherty et al. 2007 ). Deficits in rapid naming have been associated with decreased connectivity (Deutsch et al. 2005; Mabbott et al. 2006) . Given evidence of cortical underconnectivity in autism (Just et al. 2004 (Just et al. , 2007 Kana et al. 2009 ), such findings lend support for the study of RAN ability as a possible neuroarchitectural marker relevant to autism. Finally, RAN ability is highly heritable (Byrne et al. 2002; Compton et al. 2001; Petrill et al. 2006 ) making this skill a good target for genetic studies. Indeed, genetic linkage and candidate gene studies of dyslexia (a disorder in which RAN is severely disrupted) have reported significant linkage and association to RAN ability for several genomic regions (de Kovel et al. 2008; Grigorenko et al. 1997; Nopola-Hemmi et al. 2002) .
This study focused on RAN ability among relatives of individuals with autism, and high functioning individuals with autism in an attempt to replicate prior findings of RAN deficits among relatives , and highlight language-related phenotypes and associated underlying neural structures which may be influenced by autism susceptibility genes. Specifically, we aimed to tie our findings to the well-established neurocognitive literature on RAN to gain insights into brain regions which may be implicated in the language-related characteristics of autism. This study examined rapid naming in a group of over 300 parents of autistic individuals and 36 high-functioning individuals with autism, as well as age-and IQ-matched controls. Based on prior findings that parents of individuals with autism differed from controls on the color and object domains of RAN , and suggestion that the color and object domains of RAN are believed to be less influenced by experience/exposure to print than letter and number naming and therefore most appropriate for studies of genetic influence, only the color and object tasks were administered. Recent studies of RAN among individuals with autism and their parents using aggregate RAN scores on the Comprehensive Test of Phonological Processing indicated no significant differences with controls (Lindgren et al. 2009 ). We therefore examined the specific subtests of color and object naming shown to differentiate parents from controls in prior studies Folstein et al. 1999) .
Analyses examined group differences as well as parentchild correlations that could index genetic effects. Finally, exploratory analyses of associations between RAN and features of the BAP (social behavior, rigid/perfectionistic personality, and early language-related delays) were conducted. Prior work suggests that reading-related phenotypes among relatives (nonsense word reading) may be associated with retrospectively reported language-related delays, but not with other features of the BAP (Folstein et al. 1999) . Our prior work has also shown that performance on tasks indexing neuropsychological function cosegregate specifically with features of the BAP (Losh et al. 2009 ), suggesting that it may be important to examine features of the BAP in relation to RAN ability as well. We therefore examined history of language delay, as well as other key features of the BAP, in relation to RAN to explore how this ability may inform knowledge of the underpinnings of the various BAP features.
Methodology

Participants
All three samples of autism families had one or more children meeting criteria for autistic disorder based on the following criteria: DSM-IV (APA 1994), Autism Diagnostic Interview-Revised (Lord et al. 1994) , and Autism Diagnostic Observation Schedule (Lord et al. 2000) . All children were screened for associated medical conditions (e.g., tuberous sclerosis or fragile X syndrome) and evidence of gross central nervous system injury and/or severe perinatal events. Sample characteristics are summarized in Table 1 , and presented in detail below.
Parents The parent sample was comprised of three separately ascertained groups of families. The first consisted of 48 parents of multiple children with autism (multiplex families), 62 individuals with a single child with autism (simplex families) and 53 parents of a child with Down syndrome who participated in a family-genetic study of autism and the broad autism phenotype conducted at the University of Iowa Losh et al. 2008 ). The second sample was comprised of a national sample of families, and included 167 parents from multiplex families who participated in the Collaborative Linkage Study of Autism (CLSA 1999). Ascertainment strategies for both groups were comparable and are described in detail elsewhere (CLSA 1999; . Because these two samples included autistic individuals of varying developmental stages and intellectual abilities (IQ cutoff was ≥35), and given that neuropsychological testing of probands was not the subject of these studies, RAN ability was only assessed among parents.
The third sample was collected as part of a family study of the neuropsychological basis of autism and the broad autism phenotype conducted at the University of North Carolina, Chapel Hill. This sample comprised parents (n=83) and high-functioning adults with autism (n=36), as well as their respective control groups (i.e., 32 parent controls and 38 proband controls). Diagnoses of autism were confirmed using ADOS and ADI, as was the case in the first two samples. Controls were screened for family history of autism and related disorders (e.g., fragile X syndrome), and history of brain injury. Groups were matched on age, IQ, and gender (see Table 1 ). Although family pedigrees were collected, confirming multiple-incidence family status through ADI and ADOS administration with siblings was beyond the scope of this study, and so this information was not available for analysis in the North Carolina sample.
In this sample, RAN was assessed in both the parent and autism groups, and controls. All individuals with autism possessed fluent language abilities and IQs ≥80. Ascertainment strategies differed from the first two samples only in that this study focused on high functioning adolescents and adults with autism, whereas the first two samples included a broader age and ability range of probands. As noted in Analyses, differences across samples were considered in analyses in order to account for such variation in ascertainment and subject characteristics. Further details on this sample are detailed in Losh et al. (2009) . Group characteristics for all samples are described in Table 1 .
Procedures
Assessment of rapid automatized naming (RAN)
RAN was assessed by presenting the color and object naming portions of the Rapid Automatized Naming Task (Denckla and Rudel 1974) , which involves naming either a sequence of primary colors (presented as squares) or objects (e.g., chair, pencil) randomly repeated in a series of rows, as rapidly as possible. Scores consist of the number of seconds taken to complete each of the two sets of stimuli (recorded by stopwatch), with lower scores representing better performance. Administration procedures were identical across all three samples.
Assessment of features of the BAP
The Modified Personality Assessment Schedule-Revised is a semi-structured interview for rating personality characteristics that was adapted from the Personality Assessment Schedule (PAS) (Tyrer 1988) to assess parents of individuals with autism in the Baltimore Family Study (Piven et al. 1994) , and has been used in subsequent research to define behavioral and personality styles of the BAP Murphy et al. 2000; Losh et al. 2008) . Participants are led through a series of questions about themselves and an informant (usually the spouse) is asked similar questions in separate interviews. Ratings are based on behavioral examples given by the subject and/or informants in response to a number of probes. Characteristics are rated either as present (2) or absent (0,1). If the rater believes a trait is present but no behavioral example is elicited from either the subject or informant, it is scored as 1 and considered as absent for the purposes of this study. Personality features assessed and examined in this study included rigid or perfectionistic personality, and socially aloof or untactful personality. These traits are thought to MIAF multiple incidence autism family, SIAF single incidence autism family, DWNS Down syndrome family, SD Standard Deviation parallel the ritualistic/repetitive and social symptom domains of autism, respectively, and have been shown to reliably distinguish autism relatives from controls. Additionally, individuals with the social features of the BAP have been shown to display mild deficits on neuropsychological measures of social cognition (Losh and Piven 2007; Losh et al. 2009 ). Based on ratings by at least two independent raters, using concrete examples from subject and informant interviews, eighty-six individuals rated positive for the social features of the BAP, and 74 were rated as positive for the rigid/perfectionistic feature. Kappa coefficients across samples ranged from 0.67 to 1.0. All raters were naïve to participants' performance on the RAN, although given the varying designs and aims of the studies for which these three samples were tested, not all raters were naïve to autism parent status.
History of language delay was assessed among parents using the Autism Family History Interview. This interview probes early developmental language milestones including age at first word and first phrases, and early reading and spelling difficulties. Given relatively low rates of reports of delay, individuals were considered positive for early language delay if they reported delays in either first words and phrases, or the presence of reading or spelling difficulties in childhood. This resulted in 70 individuals rating positive for history of language-related delays.
Analysis plan
Performance was indicated by time (number of seconds) to completion, which was compared between the autism parents and controls as well as between individuals with autism and their controls. As noted in the methods, administration procedures were comparable across groups, and parent groups were therefore combined across samples for group comparisons, resulting in 301 parents of individuals with autism and 87 parent controls. Fortyeight parents in the Iowa sample had been the subject of a prior report on RAN , and were therefore not included in analyses to replicate these earlier findings; however, analyses of associations with BAP features had not previously been performed and so all 349 autism parents were included in those analyses.
Times for color and object naming were combined and analyzed using linear mixed model regression, adjusting for random family effects and potential dataset effects (parent dataset only). In addition, the effect of sex was assessed as an independent predictor and possible confounder. The presence of parent-child associations was investigated using Pearson's correlation coefficient. Of note, complete parental data were not available for all families-21 individuals with autism were missing data from fathers, and 15 from mothers. Linear mixed models were also used in analyses of associations between RAN and retrospective reports of language delay among parents, adjusting for random family effects and where applicable, fixed dataset effects. All analyses were conduction using SAS version 9.1 (Cary, NC).
Results
Parents Parents of individuals with autism required significantly more time to complete the RAN (Mean difference= 4.04 s; 95% CI: 0.82, 7.21; p=0.0143), adjusted for fixed dataset effects and random family effects. Sex was not an independent predictor, nor did it confound the results. We detected no significant differences between multiplex and simplex families.
Individuals with autism Examining RAN performance among high-functioning individuals with autism also revealed significant differences, with individuals with autism taking significantly more time (Mean difference= 12.66 s; 95% CI: 3.40, 21.91; p=0.010) than controls. Distributions of the raw data for both parents and probands are presented in Fig. 1 .
Parent-child correlations Significant correlations were detected among fathers and their autistic children (r=0.61; p=0.016; n=15). No significant relationship was observed between mothers and their autistic children (r=-0.07; p=0.775; n=21). Scatter plots of parent-child performance are presented in Fig. 2a and b.
Associations with features of the broad autism phenotype in parents These exploratory analyses examined associations between RAN and the social and rigid/perfectionistic features of the BAP, features which have been examined previously in relation to neuropsychological functioning among parents of individuals with autism (Losh and Piven 2007; Losh et al. 2009 ). We additionally examined associations with retrospective reports of language-related delays, which were shown to relate to reading-related tasks in a prior study (Folstein et al. 1999) . Both the social personality BAP feature (Mean difference=4.40 s; 95% CI: 1.39, 7.41; p=0.005) and reports of language delay (Mean difference=5.23 s; 95% CI: 1.89, 8.57; p=0.002) were independently associated with greater time required to complete the RAN. However, rigid/perfectionistic features were not associated with RAN (Mean difference=1.88 s; 95% CI: -1.33, 5.09; p=0.249).
Associations with autism symptomatology Analyses also explored associations between RAN and autism symptomatology as measured by the Autism Diagnostic Interview, Revised (Lord et al. 1994) . No significant associations were detected with any symptom domain assessed by the ADI, or with the total ADI algorithm score; all p-values were at least 0.49.
Discussion
The results of this study indicate that high functioning individuals with autism and parents of individuals with autism exhibit deficits in RAN ability. Father-child correlations were also detected, where slower times among fathers were related to similar patterns among children with autism. Finally, results indicated that BAP features among parents were associated with RAN performance, with parents who displayed the social and language characteristics of the BAP demonstrating slower times.
These findings raise several issues relevant to genetic and neurobiological studies of autism. First, parallel patterns of performance detected in autism and in parents of individuals with autism suggest that RAN ability could serve as a marker of latent liability to autism, measurable in both affected and unaffected individuals. Findings that RAN ability was associated with features of the BAP (which are believed to reflect genetic liability) further support this conclusion, as do findings of father-child correlations in performance. The quantitative nature of RAN measurement, along with its demonstrated heritability (Byrne et al. 2002; Petrill et al. 2006) also make this task a potential candidate for inclusion in molecular genetic studies, where the use of quantitative measures (as opposed to categorical variables such as clinical diagnoses) may increase power to detect association and linkage. Indeed, the RAN has been applied in this way in genetic studies of dyslexia with some success (e.g., Wigg et al. 2004 ).
Findings from this study could suggest that RAN may be applied fruitfully to genetic studies of autism as well.
Second, findings may hold potential for contributing to an emerging literature on indices of neural functioning or processing mechanisms revealing subtle differences in parents of individuals with autism, who do not themselves show evidence of significant psychopathology (e.g., Adolphs et al. 2008) . Because the brain regions tapped by RAN have been relatively well-described through lesion and imaging studies, findings may implicate particular neuroanatomical structures mediated by autism susceptibility genes. In particular, RAN ability has been linked to a "reading network" comprised of the inferior frontal cortex, temporo-parietal areas, and the corpus callosum (Dougherty et al. 2007; Geschwind and Fusillo 1966; Misra et al. 2004; Phinney et al. 2006; Pugh et al. 2000; Savage et al. 2007) . RAN performance has also been associated with cortical connectivity (Deutsch et al. 2005; Mabbott et al. 2006 ), which appears to be compromised in autism (Just et al. 2004 (Just et al. , 2007 Kana et al. 2009 ). In a diffusion tensor imaging (DTI) study of autism, Alexander et al. (2007) also demonstrated that reduced fractional anisotropy of the corpus collosum (reflective of lower fiber density, axonal diameter, and myelination) was associated with slower processing speeds on the processing speed index of the Wechsler. Future studies of autism and RAN using DTI and functional neural imaging [feasible with covert RAN methods (Misra et al. 2004) ] may prove insightful in pinpointing brain regions and neuroarchitectural features implicated in the performance of individuals with autism and parents. Such studies could also help to illuminate the phenomenology of rapid naming skill, and processing speed in general.
Finally, findings that RAN performance was associated with features of the BAP provide additional converging As an index of a number of cognitive and verbal processes, RAN could inform the underpinnings of these subtle clinical phenomena. In particular, slower times completing RAN were associated with the social features of the BAP (aloof or untactful) as well as with history of developmental language delays. RAN ability involves a confluence of language and executive control processes that could explain such associations. For instance, RAN performance has been shown to relate to attention, articulation, planning, inhibition, and lexical memory and retrieval abilities (Bowers and Wolf 1993; Clarke et al. 2005; Lervag and Hulme 2009; Wolf et al. 2000) , each of which may conceivably relate to a history of developmental language delays. Ties between such abilities and the social features of the BAP, however, are not as straightforward and could indicate that the social and language features of the BAP constitute variable manifestations of one or more common underlying mechanisms. This possibility is consistent with findings from a recent factor analysis indicating that some language and social features of the BAP loaded on the same factor (Losh et al. 2008) . The lack of association with the rigid/perfectionistic feature of the BAP is consistent with our prior study of the neuropsychological basis of autism and the BAP, in which only those parents displaying the social features of the BAP showed differences from controls (Losh et al. 2009 ). Because associations between RAN and the BAP were exploratory, the current findings need to be replicated in future studies. And, whereas results were robust statistically, it is important to note that actual mean group differences among parent groups were relatively small (with approximately 4 s differentiating autism parents from controls). Differences from controls and associations with features of the BAP are therefore unlikely to reflect clinically significant impairment, but rather, may be more accurately characterized as constituting a subtle cognitive-linguistic marker of genetic liability to autism, akin to smooth pursuit eye movement differences documented among relatives of individuals with schizophrenia (Clementz and Sweeney 1990) .
The lack of significant associations between RAN and domains of autism symptomatology should also be investigated further. It could be that when all three domains of autism are present to a degree sufficient to warrant a diagnosis of autism, more subtle domain-specific associations (as evident in the BAP) become obscured. The study may also have lacked adequate power to detect associations in the autism group.
A final question for future studies concerns the finding that parent-child correlations in RAN ability were evident in father-child dyads only. It is worth noting that significant associations were detected in a sample of only 15 father-child pairs, suggesting that this effect is relatively robust for fathers. Perhaps such effects among mothers are more subtle, rendering the current sample of 21 mother-child pairs insufficient. Larger samples of intact families would address this important question and also help to inform models of intrafamilial transmission that will be important to consider in genetic studies of autism. Together with further study of RAN in relation to BAP features, such work may contribute to knowledge of the neurobiological, and ultimately genetic significance of RAN in autism and the BAP.
